A method for the fast determination of yohimbine, a potent adrenoreceptor antagonist used for the treatment of sexual dysfunctions, is proposed in this article. MEKC under basic and acidic conditions (sodium borate, pH 9.5 and sodium phosphate, pH 2.5) with SDS was developed. The effect of the experimental parameters, e.g. pH, SDS concentration and injection time, on yohimbine migration was also studied. Both methods were validated in terms of linearity, limits of detection and quantification, accuracy, and precision using caffeine as an internal standard. The application for the determination of yohimbine in hand-made medicaments is also investigated in this study.
Introduction
Yohimbine, 17a-hydroxyyohimban-16a-carboxylic acid methylester ( Fig. 1) , is an indole alkaloid found in a variety of botanical sources, e.g. Pausinystalia yohimbe tree [1] . It has also been called aphrodine, and because yohimbine is a potent selective a2-adrenoreceptor antagonist and it is predominantly used for the treatment of sexual dysfunctions [2, 3] . The mechanism by which yohimbine enhances sexual function is not fully understood, but the role is connected with the inhibition of the a2-adrenoreceptor and this results in increasing sympathetic tone and blood pressure [4] . Yohimbine levels have usually been determined using high performance liquid chromatography (HPLC) [5] [6] [7] .
Capillary electrophoresis (CE) represents an interesting alternative to HPLC for the determination of pharmaceuticals [8] [9] [10] [11] . CE has a high-throughput, easily operable, cost-effective and an environmental friendly technique where the separation is based on differences in migration in an electric field. The use of micellar additives broadened the possibilities for CE to neutral compounds where the separation is also affected by the partitioning of compounds between a micellar phase (pseudostationary phase) and a free electrolyte phase (mobile phase) [12] [13] [14] [15] . The use of CE for the determination of yohimbine was described in detail by Chen et al. [16] a non-aqueous capillary electrophoresis. They described the analysis of yohimbine within 7 minutes with a limit of quantification of 10 µg mL -1 . Cooper and Craig [17] published a meeting abstract with a proposition for a micellar electrokinetic chromatography (MEKC) method for the determination of yohimbine, but lacked any details including the the background electrolyte (BGE) composition and validation results. In this article, we present a MEKC method with sample stacking for a fast and sensitive determination of yohimbine in pharmaceuticals.
Experimental Procedure
The background electrolyte components used in this study: phosphoric acid, boric acid, sodium hydroxide and sodium dodecylsulfate, methanol, acetonitrile, yohimbine and caffeine standards were purchased from Sigma Aldrich (St. Louis, MO, USA). All of the chemicals used were of analytical grade purity. The separations were performed on a capillary electrophoresis system HP 3D CE (Agilent Technologies, Waldbronn, Germany) with a diode array detection; and a detection wavelength of 200 nm (detection wavelength was chosen according to the best signal/noise ratio in a BGE). The uncoated fused silica capillaries (MicroSolv Technology Corporation, NJ, USA), 50 µm i.d. with a total capillary length of 33 cm and an effective length of 24.5 cm were used in these experiments. The capillary cassette was thermostated to 25°C.
The capillary was rinsed daily before the first experiment with 0.1 mol L -1 NaOH (10 min), deionised water (20 min), and then with a buffer (10 min). The capillary was rinsed with 0.1 mol L -1 NaOH (1 min), deionised water (1 min) and then with a buffer (1 min) between the individual runs. The electrolytes were prepared by the dissolution of appropriate amounts of the acid in deionised water (18 MW cm, Elga Bucks, UK), the pH was adjusted by 50% (w/w) sodium hydroxide to the desired value; and then sodium dodecylsulfate was added. The stock standard solution of yohimbine (concentration 10 -2 mol L -1 ) was prepared in the background electrolyte without SDS. Medicaments used for treating sexual dysfunctions were obtained from a local drugstore. The medicaments were diluted in the background electrolyte without SDS with 10% (v/v) methanol; and then were filtered using a 0.2 mm filter syringe (Nalgene Brand Products, NY, USA). The caffeine (stock solution concentration 10 -2 mol L -1 in the buffer with 50% methanol) was used as an internal standard. All of the measurements were performed five times if not otherwise stated.
Results and Discussion

Method development
The strategies for method development in CE have been previously detailed along with the key roles of the pH, complexation, and addition of surfactants plays within the various methods [18] . In our case, yohimbine represents quite a complicated structure that has a less polar character ( Fig. 1) and therefore we decided to use micellar electrokinetic chromatography (MEKC) in following experiments. Three electrolytes with acidic, neutral and basic pH were selected at the beginning of the experiments: (a) 50 mM sodium phosphate pH 2.5, (b) 50 mM sodium phosphate pH 7.0, and (c) 50 mM sodium borate pH 9.5. All of the electrolytes contained sodium dodecylsulfate (SDS) in a 50 mM concentration. The counter-current migration of SDS and the electroosmotic flow (EOF) led to the choice of voltage polarity: with a pH 2.5, reverse polarity was used (-20 kV), and between a pH of 7.0 and 9.5, normal polarity was used (20 kV). The internal standard, caffeine, was chosen according to its relatively similar structure and migration behavior.
The separation of yohimbine and the internal standard was acceptable with both the acidic and basic electrolytes. The analysis with the electrolyte at a pH of 7.0 was irreproducible in the terms of migration times and electrical current stability. Subsequently, a study of variation of experimental conditions was performed for BGE's pH and SDS concentration. The pH was studied in the range of between 2.2 to 3.2 for 50 mM sodium phosphate and between 8.5 to 10.0 for 50 mM sodium borate. There was not observed any significant change in the effective mobilities of yohimbine and therefore the pH's of 2.5 and 9.5 were chosen for the next experiments. The second parameter studied was SDS concentration, and this affects retention factors of the analytes and therefore it has a pronounced influence on separation. Moreover, the SDS concentration also affects the analysis time due to the counter-current migration of SDS and the EOF. In our case, four levels of SDS concentration were tested: 10 mmol L -1 , 25 mmol L -1 , 50 mmol L -1 , and 100 mmol L -1 . By increasing the SDS concentration results in an increase in the yohimbine migration time in sodium borate pH 9.5 (from 2.2 min to 3.5 min). However, the best resolution between the internal standard and yohimbine was achieved with 100 mM SDS. In the case of sodium phosphate pH 2.5, the increase of SDS concentration resulted in the decrease of migration time of yohimbine. Here, the electrolyte with 100 mM SDS provided the fastest analysis with electrical currents up to 60 µA.
The addition of an organic solvent to the BGE could enhance the separation performance by changing the dissociation equilibriums, partitioning, and BGEs' permittivity [19] [20] [21] . Due to this effect two common organic solvents, methanol and acetonitrile, were also investigated. Methanol was previously described as a good solvent together with ammonium acetate and glacial acetic acid for non-aqueous CE of yohimbine [16] . The addition of methanol and acetonitrile was studied in concentrations from 0 to 50% (v/v) in both buffers. Acetonitrile caused instabilities of electrical currents and therefore it was not used in further experiments. The addition of 10% (v/v) methanol was observed to be favorable for both the separation performance and electrical current stability.
The last parameter studied was the sample plug length. It is well known that electrokinetic separation techniques allow for the stacking of large sample plugs to sharp zones [22] [23] [24] . MEKC also offers such possibilities [25, 26] . In our experiments, the sample solution was injected for the times of 5 s, 30 s, 60 s, 120 s, and 180 s with a pressure of 50 mbar. Data showed a linear increase of corrected peak area of yohimbine in both electrolytes (Fig. 2) . Longer injections resulted in roughly irreproducible electrical currents and therefore the long-time injection was not studied further. The best results were obtained with a 180 s injection time. Fig. 3 shows examples of the analysis of yohimbine under the best conditions: (A) 50 mM sodium borate pH 9.5, 100 mM SDS, 10% methanol, +10 kV, and (B) 50 mM sodium phosphate pH 2.5, 100 mM SDS, 10% methanol, -10 kV.
Validation and the real analysis
Both methods developed for the determination of yohimbine were validated according to the ICH recommendations [18] . The performance characteristics, precision of corrected migration times, precision of corrected peak areas, recovery at two calibration levels, linearity, limit of detection (LOD), limit of quantification (LOQ) are summarized in Table 1 . Both methods provided good analytical results which is important for pharmaceutical analysis. Moreover, LOD and LOQ values were lower than a previously published method using the non-aqueous electrolyte environment [16] . In addition, the performance characteristics were marginally better using 50 mM sodium borate pH 9.5, 100 mM SDS, 10% methanol and therefore this electrolyte was used for the analysis of real samples.
The most challenging task in any method development is to transfer the method to the real world. To accomplish this task, we analyzed several hand-made BGEs: 50 mM sodium borate pH 9.5, 100 mM SDS, 10% methanol, 10 kV, and 50 mM sodium phosphate pH 2.5, 100 mM SDS, 10% methanol, -10 kV BGEs: (A) 50 mM sodium borate pH 9.5, 100 mM SDS, 10% methanol, 10 kV, ~ 45 μA, and (B) 50 mM sodium phosphate pH 2.5, 100 mM SDS, 10% methanol, -10 kV, ~ -50 μA medicaments obtained from a local drug store containing yohimbine of 20 mg g -1 according to the prescription. The basic electrolyte, 50 mM sodium borate pH 9.5, 100 mM SDS, 10% methanol, was employed for the individual analysis of ten tablets (see an example of the analysis in Fig. 4) . The quantification of yohimbine was done by the standard addition method using caffeine as the internal standard. Results showed the same amount of yohimbine in all of the analyzed tablets (with a 0.05 confidence level). Moreover, the average amount of yohimbine, 19.5±0.4 mg g -1 , was in correspondence with the amount declared by the manufacturer.
Conclusions
A fast method for the determination of yohimbine in pharmaceuticals by micellar electrokinetic chromatography was presented in this article. Using two electrolytes, an acidic and a basic, with SDS as the micellar environment was described in details. The most appealing fact of these methods of the analysis is the speed. In both cases, the analysis took around 4 minutes what means that approximately 10 analyses could be performed per hour (including the 2 minutes for capillary rinsing). Both methods were validated. The basic electrolyte was selected for the real analysis, 50 mM sodium borate pH 9.5 with 100 mM SDS and 10% methanol and yohimbine in the hand-made medicaments was successfully quantificated. In view of our results, we can assume that the method could be favorably be used in routine analytical/pharmaceutical laboratories.
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